-Women with systemic lupus erythematosus (SLE) exhibit a high prevalence of hypertension and renal injury. Rosiglitazone (Rosi), a peroxisome proliferator activator receptor gamma (PPAR␥) agonist, has renal protective and antihypertensive effects. We tested whether Rosi ameliorates hypertension and renal injury in a female mouse model of SLE (NZBWF1). Thirty-week-old SLE and control (NZW/LacJ) mice (n Ն 6/group) were fed Rosi (5 mg ⅐ kg Ϫ1 ⅐ day Ϫ1 in standard chow) or standard chow for 4 wk. SLE mice had increased blood pressure (BP in mmHg) compared with controls (139 Ϯ 4 vs. 111 Ϯ 4, P Ͻ 0.05). Rosi treatment lowered BP in SLE mice (127 Ϯ 4, P Ͻ 0.05) but not in controls (111 Ϯ 4). Urinary albumin (g/mg creatinine) was increased in SLE mice compared with controls (12,396 Ϯ 6,525 vs. 50 Ϯ 6) and reduced with Rosi treatment (148 Ϯ 117). Glomerulosclerosis (% of glomeruli with sclerosis) was reduced in Rosi-treated SLE mice (4.2 Ϯ 1.6 vs. 0.4 Ϯ 0.3, P Ͻ 0.05). Renal monocyte/ macrophage numbers (cell number/1,320 points counted) were reduced in SLE mice treated with Rosi (32.6 Ϯ 11.0 vs. 10.6 Ϯ 3.6, P Ͻ 0.05) but unchanged in controls (3.7 Ϯ 1.6 vs. 3.7 Ϯ 2.0). Renal osteopontin expression, a cytokine-regulating macrophage recruitment, was reduced in Rosi-treated SLE mice. Urinary endothelin (in pg/mg creatinine) was increased in SLE mice compared with controls (1.9 Ϯ 0.59 vs. 0.6 Ϯ 0.04, P Ͻ 0.05) and reduced in SLE mice treated with Rosi (0.8 Ϯ 0.11, P Ͻ 0.05). PPAR␥ protein expression in the renal cortex was significantly lower in SLE mice compared with controls and was unaffected by Rosi. These data suggest that Rosi may be an important therapeutic option for the treatment of SLE hypertension and renal injury. lupus; inflammation; endothelin; glomerulosclerosis; proliferator activated receptor gamma SYSTEMIC LUPUS ERYTHEMATOSUS (SLE) is a chronic autoimmune inflammatory disorder that has a strong predilection for women during their reproductive years. The hallmark of the disease is the production of autoantibodies such as antinuclear antibodies, and more specifically anti-double-stranded DNA (antidsDNA) antibodies. Accumulating evidence indicates that the major cause of death among patients with SLE is cardiovascular disease (17, 22, 23, 26) . Indeed, studies have reported that women with SLE are at a 50-fold greater risk for developing cardiovascular disease independent of traditional Framingham Heart Study risk factors (35). One of the major factors contributing to the progression of cardiovascular disease is increased arterial pressure. Importantly, SLE is associated with a high incidence of hypertension (1, 41, 56).
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The kidneys are prominently affected during SLE in the form of immune complex glomerulonephritis. This occurs in greater than 50% of patients with SLE (18) and is caused, in part, by circulating anti-dsDNA antibody-mediated formation of immune complexes (51) . Few advances have been made toward the treatment of SLE and the associated nephritis and hypertension in the past 40 years. Patients with SLE are often treated with blockers of the renin-angiotensin system (RAS) to control blood pressure and reduce proteinuria; however, there is conflicting evidence as to whether angiotensin-converting enzyme inhibition improves renal histopathology during SLE. Although RAS blockade is generally effective for lowering pressure in patients with SLE and can lower the risk of vascular events (36) , additional antihypertensive therapies are often required to achieve adequate blood pressure control (54) . In addition, there are rare cases in which RAS blockade can cause or exacerbate SLE (4, 42) . Therefore, the identification of new therapies for the treatment of SLE and SLE hypertension is important.
Rosiglitazone, a pharmacological agonist for the nuclear receptor peroxisome proliferator activated receptor gamma (PPAR␥), is clinically used to regulate glucose levels in insulin-resistant patients. At present, the thiazolidinedione class of drugs (including rosiglitazone) is being considered as a treatment for a wide array of diseases, including cancer (50), Alzheimer's disease (32) , atherosclerosis (57) , and hypertension (31) . Studies indicate that treatment with rosiglitazone can reduce blood pressure (24) , improve vascular function (44) , and have anti-inflammatory and renal protective effects (47) . Given that SLE is a chronic inflammatory disorder with prominent hypertension, inflammation, and renal disease, rosiglitazone could be an attractive therapeutic option. Therefore, in the present study, we tested the hypothesis that treatment with rosiglitazone ameliorates SLE hypertension and renal injury.
To examine the antihypertensive and renal protective effects of rosiglitazone, we used a mouse model (NZBWF1 mice) that closely mimics human SLE. Like humans with SLE, the NZBWF1 mice produce anti-dsDNA antibodies (5), develop immune complex glomerulonephritis (10) , and importantly become hypertensive (45) . Also similar to humans, the etiology of SLE in this model is thought to be polygenic, and female NZBWF1 mice are more prominently affected than the males.
MATERIALS AND METHODS
Animals. Thirty-week-old female NZBWF1 (SLE) and NZW/LacJ (control) obtained from Jackson Laboratories (Bar Harbor, ME) were fed either rosiglitazone (Rosi, GlaxoSmithKline, New York, NY) or unsupplemented (Veh) chow for 4 wk. This age was selected because NZBWF1 mice typically begin to develop signs of proteinuria after this time. Consistent with our previous study (46) , food intake was not different between SLE and control mice. The targeted dose of rosiglitazone was 5 mg ⅐ kg Ϫ1 ⅐ day Ϫ1 . The achieved dose ranged from 5.5 to 10.9 mg/day and averaged 6.9 Ϯ 0.5 mg ⅐ kg Ϫ1 ⅐ day Ϫ1 (SLE mice) and 8.9 Ϯ 0.5 mg ⅐ kg Ϫ1 ⅐ day Ϫ1 (control mice, P Ͻ 0.05). The higher dose achieved in control mice reflects the same food intake but lower body weight. Mice were housed in metabolic cages over night for collection of urine samples. Only SLE mice with no signs of urinary albumin at 30 wk of age were included in the study [determined by Albustix, as previously described (45)]. Mice were maintained on 12:12-h light-dark cycle temperature-controlled rooms with access to chow and water ad libitum. Four groups of animals were included: control untreated mice (CtrlϩVeh), control treated with rosiglitazone (CtrlϩRosi), SLE untreated (SLEϩVeh), and SLE treated with rosiglitazone (SLEϩRosi). No deaths occurred over the 4-wk treatment period. Body weight was measured weekly. All of the studies were performed with the approval of the University of Mississippi Medical Center Institutional Animal Care and Use Committee and in accordance with National Institutes of Health guidelines.
Anti-dsDNA. Plasma anti-dsDNA antibodies were measured by a commercial ELISA (Alpha Diagnostic International, San Antonio, TX). Mice were considered anti-dsDNA positive at values Ն1 SD from controls. Only NZBWF1 mice with positive anti-dsDNA antibodies were considered to have SLE. Data are expressed in nanogram per milliliter.
Blood glucose, plasma insulin, and triglycerides. At the end of the experimental protocol, glucose was measured in blood (100 -200 l) obtained by retro-orbital puncture using the Accu-Chek Advantage glucometer (Roche), as previously described (46) . Remaining blood samples were centrifuged, and plasma samples were used to measure insulin as previously described (46) and triglycerides using a commercially available kit (Pointe Scientific, Canton, MI). Data are expressed as follows: glucose (mg/dl), insulin (ng/ml), and triglycerides (mg/dl).
Blood pressure measurements. Mean arterial pressure (MAP) was recorded using indwelling carotid artery catheters in conscious mice at the end of the 4-wk treatment period, as previously described in our laboratory (46) . Data are presented as the mean pressure measured over two consecutive days.
Western blot analysis of renal cortical PPAR␥ expression. Kidneys were removed, and the renal cortex was dissected to make whole tissue protein homogenates to use in a Western blot, as previously described (48) . Briefly, 20 g of protein were electrophoretically separated. PPAR␥ expression was determined using a rabbit anti-PPAR␥ primary antibody (1:1,000 SC-7196, Santa Cruz Biotechnology, Santa Cruz, CA). The secondary antibody (1:8,000 donkey anti-rabbit horseradish peroxidase, NA9340) was obtained from Amersham Biosciences (Pittsburgh, PA). GAPDH was used as a loading control. Data are expressed as arbitrary units PPAR␥/GAPDH.
Assessment of renal injury. ALBUMINURIA. Urinary albumin was measured using a commercial ELISA (Alpha Diagnostic International) and was normalized to urinary creatinine (CR01 Oxford Biomedical Research, Oxford, MI). The data are expressed as micrograms of albumin per milligram creatinine. RENAL MACROPHAGE INFILTRATION. At the time of death, one whole kidney was removed and fixed in formalin for histological analysis. The remaining kidney was used for protein and/or RNA analyses. Renal sections (4 m) were stained for the presence of monocyte/macrophage using the F4/80 antibody (1:75 dilution, from AbD Serotec, Raleigh, NC) and analyzed using a point counting method with a 40ϫ objective lens. Fifteen fields with 88 points/field were analyzed for each histological section, and the results are expressed as the number of cells positive for F4/80 per tissue section (1,320 total points counted per animal).
MORPHOLOGY. Glomerulosclerosis was determined in Periodic Acid Schiff-stained sections. At least 150 glomeruli per section were evaluated by an observer blinded to the experimental groups. The degree of sclerosis was graded as follows: Sclerotic area up to 25%, sclerotic area 26 to 50%, sclerotic area 51 to 75%, sclerotic area 76 to 100%, and global sclerosis. The results are expressed as a percentage of glomeruli exhibiting each degree of sclerosis.
Real-time PCR. RNA was isolated from kidney cortex of control and SLE mice using the RNeasy Protect Minikit (Qiagen), as previously described (45) . The reverse transcription reaction was performed with 0.5 g of RNA. Detailed methods, including primer sequences for mouse osteopontin, monocyte chemotactic protein-1 (MCP-1), and 18s ribosomal RNA can be found in the online supplement. Samples were run in duplicate using the Bio-Rad iCycler (Bio-Rad Laboratories, Hercules, CA). The results were standardized to 18S mRNA expression and presented as fold change from CtrlϩVeh.
Urinary endothelin-1 (ET-1) levels. Urine proteins were extracted with methanol and 20% acetic acid, as previously described in plasma (34) . ET-1 concentrations were measured using a Quantiglo ET-1 ELISA (R&D Systems, Minneapolis, MN). Data are expressed as picograms urinary ET-1 per milligram creatinine.
Statistical analyses. Data are presented as means Ϯ SE. Statistical analyses were performed using GraphPad Prism 5 Software (San Diego, CA). A two-factor ANOVA was used to test for drug or group interactions in data sets that passed the normality test followed by Student-Newman-Keuls to determine individual differences among experimental groups. When the normality test failed, a nonparametric ANOVA on ranks was used with a Dunn's post hoc test. Significance was accepted at P Ͻ 0.05.
RESULTS
Physical and metabolic characteristics. Body weight was significantly higher in SLE mice than control mice (Table 1) as previously described (46) . SLE mice treated with rosiglitazone weighed more than vehicle-treated SLE mice at the completion of the study. Body weight was not different in rosiglitazone and vehicle-treated control mice. Fasted blood glucose and plasma triglycerides were not significantly different in SLE mice compared with controls, and mice treated with rosiglita- zone did not have lower fasted glucose. As we previously reported, plasma insulin levels were higher in SLE mice (46) , but these were not significantly reduced with rosiglitazone treatment. Plasma anti-dsDNA antibodies were significantly greater in SLE mice compared with control mice. Treatment with rosiglitazone did not change the level of anti-dsDNA in either SLE or control mice.
MAP. Consistent with our previous studies (45, 46) , MAP was significantly higher in vehicle-treated SLE mice compared with vehicle-treated control mice (Fig. 1A) . The SLE mice treated with rosiglitazone for 4 wk had significantly lower blood pressure compared with SLEϩVeh. Rosiglitazone treatment did not alter blood pressure in control animals. We measured pressure in a separate group of 30-wk-old SLE mice with no albuminuria and found them to be hypertensive compared with controls (135 Ϯ 2 vs. 121 Ϯ 3 mmHg, P Ͻ 0.05) and have increased anti-dsDNA antibodies (340 Ϯ 163 vs. 17 Ϯ 3, P Ͻ 0.05). These data suggest that there may be beneficial therapeutic effects of rosiglitazone in SLE hypertension rather than only prophylactic benefits. Consistent with our previous findings (45), SLE mice had higher urinary albumin compared with control mice (12,396 Ϯ 6,525 vs. 50 Ϯ 6 g/mg creatinine, SLEϩVeh vs. CtrlϩVeh, respectively). Urinary albumin was decreased in SLE mice treated with rosiglitazone for 4 wk (148 Ϯ 117 g/mg creatinine). These differences did not reach a statistical difference due to the variable levels of urinary albumin within the SLE group. For example, albumin ranged only from 25 to 75 (median 41) and 18 to 75 (median 43) in control mice and control mice treated with rosiglitazone. To the contrary, urinary albumin ranged from 11 to 45,682 (median 457) and 20 to 970 (median 43) in SLE mice and SLE mice treated with rosiglitazone. The percentage of animals that developed albuminuria as measured by albustix is shown in Fig. 1B (42% SLEϩVeh, 18% SLEϩRosi) . Subsequent studies were performed using experimental groups with a similar makeup of animals with albuminuria.
Renal monocyte/macrophage infiltration. Renal monocyte/ macrophage infiltration was significantly higher in SLE mice compared with control animals (Fig. 2) , and treatment with rosiglitazone reduced the number of F4/80-positive cells in the kidneys of SLE mice but not in control mice. The majority of inflammatory cells were observed in the renal cortex. The numbers of inflammatory cells in the medulla were not different between SLE or control mice after vehicle or rosiglitazone treatment. (CtrlϩVeh: 0, CtrlϩRosi: 0, SLEϩVeh: 2 Ϯ 0.6, SLEϩRosi: 1.3 Ϯ 0.8).
Glomerulosclerosis. The percentage of glomeruli that exhibited a sclerotic area up to 25% is shown in Fig. 3 . Glomerulosclerosis was greater in SLE mice compared with control mice. SLE mice treated with rosiglitazone had significantly lower levels of sclerosis. Treatment with rosiglitazone did not affect glomerulosclerosis in control mice. For complete histological analyses of glomerulosclerosis, please refer to the online supplement (Supplemental Fig. 1) .
Renal cortical osteopontin mRNA expression. Because SLE mice have increased inflammatory cells in the kidney that were reduced in the rosiglitazone-treated mice, we assessed whether rosiglitazone would affect the expression of two cytokines involved in macrophage recruitment. Renal cortical mRNA expression of osteopontin was 295 Ϯ 135-fold greater in SLE mice compared with control mice (CtrlϩVeh, P Ͻ 0.05) (Fig. 4) . Osteopontin expression in SLE mice treated with rosiglitazone was not different from controls. We also measured renal cortical MCP-1 mRNA expression. The renal cortex from SLE mice had increased levels of MCP-1 that were prevented by treatment with rosiglitazone; however, this did not reach a statistically significant difference. The data are shown in the online supplement (Supplemental Fig. 2) .
Effect of rosiglitazone on urinary ET-1 levels. Previous studies demonstrated that ET-1 levels are increased in kidneys from NZBWF1 mice, and circulating ET-1 levels correlate directly with SLE disease activity in humans (33) . On the basis of this evidence and data demonstrating that treatment with thiazolidinediones prevents ET-1-mediated hypertension (28) and renal injury (49), we measured urinary ET-1 levels in SLE and control mice after 4-wk treatment with rosiglitazone (Fig. 5) . Urinary ET-1 was increased in SLE mice compared with control animals. SLE mice treated with rosiglitazone had reduced urinary ET-1 levels. Treatment with rosiglitazone did not alter urinary ET-1 levels in control mice.
Renal cortical PPAR␥ protein expression. PPAR␥ protein expression was significantly lower in mice with SLE compared with control mice. Treatment with rosiglitazone did not affect renal cortical PPAR␥ expression in either control or SLE mice (Fig. 6) . 
DISCUSSION
The present study tested the hypothesis that treatment with rosiglitazone would ameliorate SLE hypertension, renal injury, and inflammation. There are several major findings in this study: 1) treatment with rosiglitazone lowers blood pressure in a mouse model of SLE hypertension, independently of effects on peripheral glucose, insulin, or triglycerides; 2) treatment with rosiglitazone has renal protective effects in SLE mice demonstrated by the reduced glomerulosclerosis and urinary albumin concentration; 3) SLE mice treated with rosiglitazone exhibit reduced inflammation in the renal cortex demonstrated by decreased cytokine expression (osteopontin, MCP-1) and fewer inflammatory cells (monocyte/macrophage); 4) SLE mice treated with rosiglitazone have reduced urinary ET-1 levels; and 5) a mouse model with SLE has reduced PPAR␥ protein expression in the renal cortex compared with control mice.
Hypertension and SLE. SLE is a chronic autoimmune inflammatory disorder with accelerated cardiovascular and renal disease and a high prevalence of hypertension. Inflammation has been strongly implicated as an important factor in the development of hypertension, and therefore, it is conceivable that chronic inflammation during SLE may contribute to the hypertension in these patients. We previously demonstrated that an established mouse model of SLE (NZBWF1) has increased blood pressure in addition to albuminuria and renal macrophage infiltration (45, 46) . Data from the current study show that SLE mice treated with rosiglitazone have lower blood pressure compared with untreated SLE mice. These data are consistent with the blood pressure-lowering effects of rosiglitazone previously described in humans (24) and in other experimental models of hypertension, including angiotensin and endothelin-mediated hypertension (14, 19, 28, 44) . The current study was designed to test whether rosiglitazone can prevent the progression of renal injury and lower blood pressure during SLE. However, because the SLE mice are hypertensive at the start of the treatment regimen, our data also highlight the importance of conducting studies to examine the therapeutic effect of rosiglitazone to lower blood pressure and protect the kidneys in patients with active disease.
The renal protective effects and reduction of endothelin in this study raise the possibility that improved kidney function may contribute to the lower blood pressure. However, a complete study examining renal hemodynamic effects of rosiglitazone during SLE will be necessary to definitively answer this question. In addition, the fact that there is a greater decrease in markers of renal inflammation and injury than there is in blood pressure suggests that there may be extrarenal mechanisms contributing to SLE hypertension and/or that the reduced blood pressure is mediated, in part, by extrarenal actions of rosiglitazone. This should not be surprising given that thiazolidinediones can exert their beneficial effects through PPAR␥-dependent effects, PPAR␥-independent effects, or both. For example, independently of PPAR␥, rosiglitazone can directly cause vasodilation, through calcium channel-blocking actions of thiazolidinediones (8, 53, 63) . This vasodilatory action of thiazolidinediones has been speculated to promote sodium and water reabsorption in the kidneys (52) and may partly explain why blood pressure was not completely normalized. Rosiglitazone also likely increases sodium and water reabsorption via a PPAR␥-dependent mechanism in the collecting duct. Elegant studies have demonstrated that the sodium and water retention during rosiglitazone treatment is ameliorated in mice with collecting duct-specific deletion of the PPAR␥ gene (25, 64) .
In this study, the decreased pressure appears to be independent of its metabolic effects since blood glucose, plasma insulin, and triglycerides levels were not different in rosiglitazone-treated mice. This is not entirely unexpected given that previous studies have reported reductions in blood pressure with rosiglitazone in the absence of changes in metabolic parameters (3, 6) .
Renal inflammation and injury. Renal inflammation is linked to the development of hypertension in experimental models through the promotion of renal injury (7, 20) . Indeed, several studies report that anti-inflammatory or immunosuppressive therapies, such as corticosteroids, mycophenalate mofetil, or cyclophosphamide can reduce urinary albumin in humans or animal models with SLE (11, 12, 21, 30) . However, the potential for anti-inflammatory therapies in SLE hypertension has not been previously examined. The current study focused on the renal cortex because the glomeruli are most prominently affected by immune complex deposition in patients with SLE. Although we observed only a limited number of macrophage in the renal medulla from SLE mice, it is still important to recognize the importance of the renal medulla to blood pressure regulation. We show here that renal macrophage infiltration is increased in the kidneys from SLE mice (predominantly in the renal cortex) and treatment with rosiglitazone significantly reduced renal monocyte/macrophage number. Our data suggest that the lower number of inflammatory cells may be mediated by the reduced expression of two inflammatory cytokines involved in the recruitment of monocytes/macrophages, osteopontin, and MCP-1. On the basis of these data, we speculate that the attenuation of renal inflammation in rosiglitazone-treated mice may contribute to the reduced renal injury. Increased urinary albumin and renal injury are common in humans with SLE and is well established in the NZBWF1 model of SLE (9, 10) . The data here show that urinary albumin and glomerulosclerosis are both decreased in SLE mice treated with rosiglitazone.
It is unlikely that the renal protective effects of rosiglitazone in this study are simply the result of decreased blood pressure. Previous studies in both the NZBWF1 and MRL/lpr mouse models of SLE show that while ACE inhibitors, angiotensin receptor blockers, calcium channel blockers, and sympathetic blockers all lower blood pressure to similar levels, only the blockade of the renin-angiotensin system reduces renal damage measured by albuminuria (27, 40) . This is consistent with studies in humans with SLE showing that calcium channel blockers and ACE inhibitors equally lower blood pressure, yet only ACE inhibition reduces proteinuria (29) . It may not be surprising that renal injury associated with SLE is not pressure dependent since it is well known to be mediated by immune complex deposition in the glomeruli and inflammation. Therefore, consistent with previous reports, treatment with rosiglitazone imparts strong renal-protective effects (47) . Whether there is a causal link between reduced renal injury and lower blood pressure in this model remains to be determined.
Alternatively to the renal protective effects of rosiglitazone, one mechanism that could contribute to the reduced blood pressure is decreased sympathetic activity. Studies in both animal models of hypertension and in humans with insulin resistance suggest that treatment with thiazolidinediones reduces urinary catecholamines, skin sympathetic nerve activity, and cardiac sympathetic nervous system function (55, 59, 61) . The contribution of sympathetic activation to SLE hypertension has not been previously examined. There is also evidence that rosiglitazone protects against renin-angiotensin systemmediated hypertension (15, 19, 44) . The role for the reninangiotensin system in SLE hypertension has not been extensively studied; however, both the NZBWF1 and MRL/lpr models of SLE reportedly have low plasma renin activity (43) . Finally, it is conceivable that immune system-related mechanisms not affected by rosiglitazone treatment contribute to SLE hypertension. This possibility is supported by our data showing that rosiglitazone treatment does not alter levels of the antidsDNA autoantibodies that are critical for immune complex formation and SLE disease progression. PPAR␥ and SLE. A possible role for PPAR␥ in the progression of SLE or SLE hypertension has not been extensively examined. Previously published work from Gilkeson and colleagues showed that the lupus-prone MRL/lpr mice exhibit a reduction in renal mesangial cell PPAR␥ expression (13) , making it tempting to postulate that a reduction in PPAR␥ expression and activity could, in part, contribute to SLE hypertension and renal injury. While this study was under consideration for publication, Rifkin and colleagues reported that treatment of the MRL/lpr model of SLE with rosiglitazone reduced glomerular area and cellularity (2) . The authors demonstrate, using MRL/lpr-adiponectin knockout mice, that the protective actions of rosiglitazone occur through activation of adiponectin. The authors did not report on blood pressure in this study. The link between adiponectin and PPAR␥ is worthy of pursuing further given our recent report that the NZBWF1 model has several characteristics of the metabolic syndrome (46) .
The data in the current study show that renal cortex PPAR␥ protein expression is significantly lower in the NZBWF1 model of SLE. Although protein expression does not directly reflect activity, the decreased PPAR␥ expression in the NZBWF1 model is at least consistent with a potential role for decreased PPAR␥ in the progression of SLE hypertension and renal injury. Our data showing that PPAR␥ protein was not increased after rosiglitazone are consistent with a previous study showing that another thiazolidinedione (pioglitazone) did not increase PPAR␥ mRNA in the renal cortex of obesityprone rats (16) . However, contrary to our results, pioglitazone treatment did increase expression in control rats. This discrepancy may be related to species, sex, disease model, and methodological differences that are apparent in these studies. Taken together, these data suggest that extrarenal targets may also contribute to the anti-hypertensive actions of the thiazolidinediones.
At present, there is scant evidence related to renal PPAR␥ expression in SLE in humans. One study (abstract only available) (60) suggests that renal PPAR␥ expression is increased in patients with SLE. To our knowledge, this is the only published study in humans with SLE and highlights the need to more completely examine the role of PPAR␥ in SLE hypertension and renal disease. Despite the limited available data related to PPAR␥ and SLE, investigators have called for experiments to test possible therapeutic benefits of PPAR␥ agonists for SLE (39, 58) . Our data clearly show that mice treated with rosiglitazone, a PPAR␥ agonist, have lower blood pressure and reduced renal inflammation and injury.
Endothelin, PPAR␥, and SLE. One mechanism by which treatment with rosiglitazone might protect the kidneys and reduce inflammation during SLE is through its effects to lower renal endothelin (ET-1). A potential pathogenic role for ET-1 has been proposed in the development of vascular injury (28) and lupus nephritis in humans, and plasma ET-1 concentrations directly correlate with SLE activity (62) . In addition, previous studies using the NZBWF1 model of SLE show that renal ET-1 expression is increased and that treatment with an ET-1 receptor antagonist (ETA) reduces renal injury, proteinuria, and blood pressure (37) . Consistent with these studies, we show that urinary ET-1 is increased in SLE mice. However, neither the source of the ET-1 (medullary or cortical) nor the physiological role of the increased ET-1 can be directly ascertained in this study. Renal ET-1 levels are altered by sodium intake; however, we believe that this is not the cause for increased urinary ET-1 since food intake is not different between SLE and control mice. Nevertheless, that SLE mice treated with rosiglitazone had reduced urinary ET-1 levels compared with vehicle-treated SLE mice is consistent with a mechanism by which rosiglitazone protects the kidney in SLE. In agreement with our work, others report that PPAR␥ agonists reduce urinary ET-1 and albumin excretion in patients with type 2 diabetes mellitus (38) and protects against ET-1-dependent hypertension and renal injury in experimental animal models.
Perspectives and Significance
The current study shows that a female mouse model of SLE treated with rosiglitazone has reduced blood pressure compared with vehicle-treated SLE mice. These data suggest rosiglitazone treatment as a promising therapeutic strategy for SLE hypertension and renal injury and indicate that the clinical use of rosiglitazone in patients with SLE needs to be examined. On the basis of these data, it will be important to design studies comparing the clinical efficacy of thiazolidinediones with blockers of the renin angiotensin system that are now commonly used in patients with SLE.
